Abstract. Malignant fibrous histiocytoma (MFH) occurring in the heart is rare. To the best of our knowledge, the current study was the first to report a case of left atrial MFH metastasizing to the vulva. A 37-year-old female presenting with a history of exertional dyspnea underwent echocardiography, which revealed a mass in the left atrium, with a short-wide stalk attached to the posterior wall, extending into the pericardium. Furthermore, the mass resulted in severe mitral stenosis during diastole. The tumor was excised together with a section of the left atrial wall. The initial diagnosis was a left atrial myxoma. However, post-operative frozen section histopathology results indicated a diagnosis of MFH. Following surgery, the patient received chemotherapy, however, vulvar metastases and left pleural effusions were identified after 1 month. Following surgical excision of the vulvar tumor and left thoracentesis, the patient began adjuvant chemotherapy. However, the patient succumbed due to local recurrence 6 months later.
Introduction
Cardiac tumors are divided into primary and secondary tumors. Primary cardiac tumors are rare with a global incidence of 0.0017-0.019% (1, 2) . Approximately 75% of primary cardiac tumors are benign, while ~25% are malignant (3) . Among malignant cardiac sarcomas, angiosarcoma is the most frequent type and primary malignant fibrous histiocytoma (MFH) is the second most common type, with an incidence of 3% (4) . Cardiac sarcomas are often asymptomatic until the tumor causes an obstruction to blood flow and/or metastasizes to distant tissues (5) . Therefore, the symptoms of affected patients depends on the location, size and degree of invasiveness of the tumor of the heart, and any distant metastasis (5) .
The majority of cardiac tumors are identified by transthoracic and/or transesophageal echocardiography (6) . Computed tomography (CT) and magnetic resonance imaging (MRI) are also important to establish the extent of invasion and metastases (7) . Cardiac tumors may occur at any position of the heart, however, primary MFH of the heart is typically found in the left atrium (1, 3) .
MFH is an undifferentiated sarcoma composed of pleomorphic spindle and epithelioid cells with a small number of multinucleated cells. MFH is significantly more invasive than a benign tumor, and recurrence and distant metastasis are common, often leading to an extremely poor prognosis (8, 9) . Surgical resection is the standard treatment for MFH patients, and ideal resection involves removal of the whole tumor and a section of the normal cardiac tissue (10) . However, multimodality treatment including radiotherapy and adjuvant chemotherapy may achieve a better outcome (11) . Mean survival for the majority of cases of cardiac sarcoma is 9-11 months (12) . A recent study revealed that the mean survival time of MFH patients following resection (incomplete or complete) was 22.2 ± 6.1 months (range, 0.6-36.0 months) with 1-and 2-year survival rates of 82.5 and 41.3%, respectively (12) . In the current study, the case of a patient exhibiting a giant, rarely observed MFH of the heart with vulvar metastases is presented. Written informed consent was obtained from the patient's family.
Case report
In March 2009, a 37-year-old female presented to the Yantai Yuhuangding Hospital (Yantai, Shandong, China) with a 3-month history of progressively increasing exertional dyspnea that was relieved following rest, and a 2-day history of worsening dyspnea. Physical examination identified a blood pressure of 140/80 mmHg (normal range, 100-120/60-80 mmHg), a body temperature of 37.0˚C (normal range, 36.2-37.2˚C) and a heart rate of 99 beats per minute (bpm; normal range, 60-100 bpm) with a regular rhythm; however, a diastolic murmur was observed upon cardiac auscultation. Subsequent echocardiography revealed a 5.0x2.3-cm mobile mass in the left atrium with a short-wide stalk attached to the posterior wall (Fig. 1A) , widely attached to the anterior mitral valve and with a small pericardial effusion. During diastole, the mass protruded through the mitral valve resulting in functional Primary cardiac malignant fibrous histiocytoma with vulvar metastases: A case report mitral stenosis with a peak gradient of 38 mmHg (normal range, <30 mmHg). Various auxiliary examinations, including abdomen and brain CT and chest X-rays, showed no signs of tumor in other organs. The initial diagnosis was a left atrial myxoma. Upon pre-operative echocardiography, the left ventricle ejection fraction and pulmonary artery systolic pressure were 63% (normal range, 50-75%) and 57 mmHg (normal range, <30 mmHg), respectively. The gold standard therapy for atrial myxoma is complete surgical removal of the tumor (10) . In the present case, open-heart surgery with access via a median sternotomy and cardiopulmonary bypass was performed under cardioplegic arrest. At the incision site of the pericardium, the pericardial effusion was yellowish and clear. The mass appeared grey-white in color and crisp in texture, with a short-wide pedicle attached to the posterior wall, extending into the pericardium. Frozen section pathological examination revealed a diagnosis of MFH; the tumor was heterogenous, composed of spindle and epithelioid cells, interspersed with giant cells. Surgery achieved a complete resection of the tumor of the left atrium, as well as a partial resection of the left atrium adhering to the tumor pedicle and peripheral adipose tissue.
Upon light microscopy (Fig. 1B) , a malignant mesenchymal tumor with areas of necrosis was identified. The tumor was composed of highly pleomorphic spindle and epithelioid cells, with a small number of multinucleated cells also identified. Immunohistochemistry (Fig. 1C) was positive for cluster of differentiation (CD)99 and vimentin, and partially positive for CD68. The cells were immunonegative for cytokeratin, epithelial membrane antigen, smooth muscle actin, actin, CD31 and CD34. On the basis of the aforementioned histomorphological and immunohistochemical findings, a diagnosis of MFH was formed.
Following ca rdiac su rger y, the patient bega n six three-weekcycles of chemotherapy (1.2 mg/m 2 ifosfamide, day 1; 60 mg/m 2 epidoxorubicin, day 1) at the Department of Oncology; however, after 1 month, the patient noticed a mass on the left side of the vulva, with no pain. The mass had no capsule ( Fig. 2A and B) and was resected under local anesthesia. Histopathology indicated a diagnosis of metastatic MFH (Fig. 2C) . A chest X-ray performed after vulval surgery revealed left-sided pleural effusion. Following surgical excision of the vulvar tumor and a left thoracentesis, the patient immediately began four three-weekly cycles of chemotherapy (120 mg paclitaxel, day 1; 1.6 g/m 2 gemcitabine, day 1) at the Department of Oncology. However, the combination of surgery and chemotherapy proved to be ineffective, and the patient succumbed due to local recurrence 6 months later.
Discussion
Primary cardiac malignant neoplasmare rare tumors that account for 25% of all primary cardiac tumors (1-3) . The prevalence of primary cardiac sarcomas was found to be 0.0017% at autopsy in a large study of six hospitals in the USA, conducted by the American Medical Association (1) and the overall global incidence rate has been recorded as 0.001-0.030% (13, 14) . MFH of the heart in particular has an incidence of 3% of all malignant cardiac sarcomas (4), and typically occurs in the left atrium (3). MFH has high metastatic potential and can spread to various tissues and viscera, including the liver, bones, arms, skeletal muscles, lungs and brain (11, (15) (16) (17) (18) . However, to the best of our knowledge, there have been no previous reports of primary MFH of the heart with vulvar metastases. MFH of the vulva is a rare type of vulvar sarcoma, constituting <1% of all vulvar sarcomas (19, 20) . In 2011, Iwakawa et al reported that there had been nine case reports of MFH of the vulva to date (21) and to the best of our knowledge, no other cases have been reported since.
Echocardiography is a sensitive and non-invasive modality for assessing cardiac tumors, including cardiac MFH; however, it has a low specificity, which may lead to misdiagnosis (6) . The initial diagnosis of the current case was left atrial myxoma. The short-wide stalk and the small amount of pericardial effusion observed in the present case may act as an indicator of malignant disease. CT scans and MRI are also effective tools for assessing cardiac tumors, and facilitate the identification of more specific structures of tumors and adjacent invasions (7) . The symptoms of patients depend on the location, size and degree of invasiveness of the cardiac tumor. In the current case, the mass protruded through the mitral valve during diastole, resulting in functional mitral stenosis that initiated the onset of dyspnea. The gold standard therapy for cardiac MHF patients without metastases is complete surgical resection of the tumor, with metastasis being the only factor identified to impact survival rate in the literature (22) (23) (24) .
Ideal resection involves removal of the whole tumor and a portion of the normal cardiac tissue. Mean survival for the majority of cases of cardiac sarcoma is 9-11 months (12). In the current case, complete resection of the left atrial tumor and a partial resection of the left atrial wall and pericardium were performed. However, the tumor metastasized to the vulva 1 month later and the patient succumbed due to local recurrence 13 months after diagnosis. It is hypothesized that adjuvant therapy may be indispensable to prevent local recurrence and distant metastasis, as well as provide improved survival, even in patients that have undergone complete resection (25) .
In conclusion, the current study reported a rare case of a cardiac tumor. Echocardiography initially prompted a diagnosis of a left atrial myxoma, however, the post-operative histopathological results determined a diagnosis of MFH, and vulvar metastases were later identified. Multicenter cooperation between cardiac surgeons, cardiologists and oncologists may lead to the identification of an optimal treatment strategy for cardiac MFH, which would improve patient quality of life and increase patient survival rates.
